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Abstract

Shortsamplefield gradientandcurrent,harmonicsandforceshavebeencalculatedfrom a 2 and3 dimensional
model of a racetrackquadrupolearray. The coil is a simple racetrack(Fig. 1,2) with roundedendsmadeof 23
turns of Rutherfordcable. The 26 strandcableusesSSCouter strandwith a 1.8:1 cu/sc ratio. The maximum
field waslocatedin the end,6.02 T at Jsc=2055(A/mm2) correspondingto a shortsamplecurrentof 6295A and
a maximumgradientof Gss=47.0 T/m. The overall currentdensity(over cableand insulation)is 530 (A/mm2).
The field quality in the straightsectionat a radiusof 4.8 cm is b6=-5 units and b10=-19units. The maximum
storedenergy in a single quad is 110.7 (kJ/m).

Reducingthe field in the end (addinga spacer)to the samelevel as the straightsectionwill raisethe short
samplegradientfrom 47.0 (T/m) to 48.9 (T/m). With no spacerin the endthe field quality especiallythat of the
dodecapolecanbe cancelled(in the integral sense)againstan offset in the magnetstraightsection.

m
G (T/m), @6295

A
b6 (units) b10 (units) b14 (units) b18 (units)

Biot_Savart2D -47.017 -5.17 -19.21 -0.585 0.047

POISSON2D -46.709 -4.87 -19.34 -0.623 0.062

Centerof 3D -47.01 -5.38 -19.3 - -

Averageover
magnet

-47.01 -75.6 -17.44 -0.409 -

Table1 Harmonicat a radiusof R=4.8cm, calculatedfrom a 3x3 arrayusingBiot-SavartandPOISSONassumingan infinite array.

Integratedharmonicsover the magnets(page6) suggestthat a large fraction of negativeb6 is coming from
the ends.Displacingthe coil 0.3 mm towardsthe midplane(alonga 45 degreeline) will introducea positiveb6
that will reduceits integratedvaluesignificantly. The integratedb10 will alsobe reducedsomewhat.

Figure 1 View of a single magnet(AutoCad).
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Figure 2 A unit cell.
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Figure3 Shortsamplecurveandtwo load lines— onebasedon thestraightsection(top) andtheotherbasedon the endfield (bottom).
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Figure 4 A 26 strandcableusing SSC outer conductor.

Figure 5 Flux plot

Figure 6 Overall coil length and end view.
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Figure 7 An assemblyof 12 elementarycells and edgecoils.

Short sample field 6.02 T
�
at 6295 A

Figure 8 Location of maximum field at the end.
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Forces
LorentzforceswerecalculatedusingBiot-Savart,PoissonandTosca.The total transverseforcealonganedge

of a 3x3 array is 1244(kN/m) andthe total axial force (end) is 944 (kN). Local forceswithin the arrayarealso
shown. All forcesareat 5700A andshouldbe multiplied by

�������	���
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for shortsampleperformance.
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Figure 9 Lorentz forces at 5700 A
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3D harmonics
The local andintegratedharmonicsareplottedin the next two figures.Basedon integralvaluesthemagnetic

lengthis 39.17cm at 47.01T/m =9.20688T (thephysicallengthof thecoil is 43.52cm). Basedon the integrated
valuesover the physical length :
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Figure 10 Local harmonicsand pseudoharmonicsover the entire magnet.
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Figure 11 Integratedharmonicsover the entire magnet.
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Tosca

The Toscamodel usedin the field calculations(Fig. 11,12).
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Figure 12 View of a 3x3 model usedin Toscacalculations.
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Figure 13 End view of the Toscamodel.
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